To evaluate the cardiovascular disease risk factor pro®le in former athletes according to their weight-change patterns during the postcompetitive period. DESIGN: Cohort study with a retrospective assessment of baseline weight of male former top-level athletes. SUBJECTS: One-hundred and ®fty top-level athletes aged 35 ± 60 y were divided into four groups according to the weightchange patterns during the postcompetitive period (weight loss, constant weight, weight gain over 3.0 kg and weight gain over 10.0 kg). MEASUREMENTS: Anthropometric measurements (height, weight, BMI, percentage fat, skinfolds, waist-to-hip-ratio (WHR), resting systolic and diastolic blood pressure (SBP, DBP), serum lipids and lipoproteins (CHOL, HDL-C, LDL-C, TG), and physical working capacity. A questionnaire was drawn up to evaluate current and previous physical activity, lifestyle indices and to record weight at the age of 20 (according to sports diaries). RESULTS: Weight gain over 10.0 kg in former athletes was closely associated with higher body mass index, percentage body fat, skinfold thickness, WHR, SBP, DBP, LDL-C and TG values, as well as lower HDL-C, HDL-CaCHOL ratio and physical working capacity values. After adjustment for confounders, the weight gainers over 10.0 kg revealed a higher risk of hypertension (OR 6.65; 95% CI 2.99 ± 11.65), abdominal fat distribution pattern (OR 10.51; 95% CI 6.11 ± 16.24), elevated LDL-C (OR 1.88; 95% CI 1.15 ± 3.06) and hypertriglyceridemia (OR 3.52; 95% CI 1.12 ± 8.56) compared with those whose weight was constant. Weight loss and weight gain less than 10.0 kg were signi®cantly related to increased risk for abdominal fat distribution pattern.
Introduction
Obesity and overweight have been recognized to affect other cardiovascular risk factors such as diabetes, hypertension and lipoprotein pro®le, which can confound the interpretation of relationships between obesity and cardiovascular disease risk, but it does seem to be an independent predictor of the cardiovascular risk. 1 Weight and weight change are determined by multiple factors: physical activity, fat intake and total energy intake all appear important for the successful long-term control of body weight. 2 Some researchers have found that a loss and gain in weight was associated with increased mortality from any causes and from coronary heart disease (CHD). 3 ± 5 Epidemiological studies have shown that men whose body weight remains stable throughout their adult lives have the lowest risk of total mortality, but the results are not consistent for CHD mortality. 6, 7 Positive correlations exists between body weight, particularly the abdominal fat distribution pattern and cardiovascular disease risk factors such as elevated blood pressure, altered serum lipoprotein and glucose metabolism. 8 ± 10 Aging is characterized by gradual changes in body composition, including an increase in body fat and a decrease in fat-free mass. 11 It is likely that an increase in body weight between the ages 20 and 70 y occurs primarily in response to a sedentary lifestyle rather than to aging and increased food intake. 12, 13 Longitudinal studies of master athletes over 60 y showed that body weight was either maintained 14 or it decreased slightly. 15 Existing data are scarce about the health habits and weight patterns of former top-level athletes, 16 and there is very little information available about the impact of long-term detraining on body weight and body composition variables and the associations between weightchange patterns and cardiovascular disease risk factors.
The purpose of the present study was to evaluate the cardiovascular risk factor levels in male former athletes according to weight-change patterns during the postcompetitive period.
Materials and methods

Study population
The subjects (age 45.4 AE 8.5 y; height 178.5 AE 6.8 cm; weight 82.4 AE 12.9 kg; mean duration of postcompetitive period 20.4 AE 4.2 y) included 219 male former athletes enrolled in sports veteran clubs and sports associations in Estonia. The inclusion criteria for former athletes were their previous participation in endurance sports events and sports games at an international or national level at least 15 y ago. Participants gave their informed consent and were prohibited from participating in vigorous exercise and from smoking at least 24 h before the examination. The study was approved by the Medical Ethics Committee of the University of Tartu.
The general health status and lifestyle parameters (smoking, alcohol consumption, dietary habits etc) of the study subjects were estimated using the questionnaire by Sharkey. 17 Smoking was classi®ed as never, quit smoking, smokes cigars or a close family member smokes, smokes less than one packet of cigarettes daily or smokes more than one packet of cigarettes daily. In addition, the subjects were asked to quote the number of cigarettes per day. For the evaluation of the body weight at age 20 as well as previous and current physical activity (for the last 12 months), the subjects completed a questionnaire. It contained questions about the mode, frequency (times per week), duration (minutes per week), intensity (very low, low, medium, high, very high) of the sports activity. The repeatability of the reported exercise data was moderate: the highest repeatability (r 2 0.82 ± 0.94) of exercise parameters was found for previous and current frequency and for mean duration of exercise; the lowest repeatability (r 2 0.78) was found for the intensity of the exercise.
Five subjects with a chronic disease (diabetes, hepatitis, cardiovascular disease etc) were excluded from the study. In order to record their body mass at age 20, 70.1% of the former athletes (n 150) resorted to their personal sports activity diaries. To minimize the recall bias, those subjects who did not use the documented body weight data at age 20 were excluded from the study. Thus, after exclusions, the ®nal sample size was 150.
In our study, we wanted to compare in particular those subjects who maintained weight with those who had lost or gained weight. Unfortunately, as no weight-change classi®-cation can be found for the long-term period (15 ± 30 y), most classi®cation categories are suggested for a 1 ± 5 y period. 3, 18 Therefore, our study subjects were divided into four groups according to their weight-change patterns during the postcompetitive period ( Table 1 ). The males who had lost more than 1.0 kg during this period were categorized as`weight losers'. The males whose weight had been relatively constant during the postcompetitive period (weight loss less than 1.0 kg and weight gain less than 3.0 kg) fell in the category`constant weight'. Those who gained more than 3.0 kg were categorized as`weight gainers', and Weight gain in former athletes E Pihl and T Ju Èrima Èe they were divided into two subgroups (weight gainers 3 ± 10 kg and weight gainers b 10 kg).
Anthropometric measurements
Height and weight of the subjects were determined by the Martin metal anthropometer ( AE 0.1 cm) and clinical scales ( AE 0.05 kg), respectively. The body mass index (BMI) was calculated (kgam 2 ). Skinfold thicknesses were measured at the chest, abdomen and thigh 19 using metal skinfold callipers (Holtain, Crymmych, UK). The mean of three measurements was used. Body composition was assessed by the bioelectrical impedance method (Bodystat7500, Isle of Man, UK). For the evaluation of fat distribution, waist and hip circumferences were measured and the waist-to-hip ratio (WHR) was calculated.
Blood pressure measurement
Sitting blood pressure (BP) was measured using a mercury sphygmomanometer after a 5 min rest. Systolic (Korotkoff phase 1) and diastolic (Korotkoff phase 5) blood pressures (SBP, DBP) were measured twice on the left upper arm and the average used for the analysis.
Laboratory analysis
Venous blood samples (10 ml) were collected into EDTA vacutainers in the morning after a 12 h fast and were centrifuged at room temperature for 20 min at 1800 g. Concentrations of total cholesterol (CHOL), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG) were measured enzymatically using commercial reagent kits (Labsystems OY, Finland). The ratios of HDL-C to CHOL were calculated. The double analyses were made, and the coef®cient of variation was less than 5%.
Physical working capacity
The physical work capacity was estimated by a graded cycle ergometer test, using an electronically braked ergometer (Tunturi, Finland). The workloads of 100 and 200 W were used with a duration of 4 min, and with a rest interval of 1 min between the loads. Exercise heart rate (HR) was measured during the last 10 s of both workloads by Sporttester Vantage NV (Kempele, Finland). Physical working capacity was de®ned as a workload at the HR max and PWC max per kilogram body mass (PWC max akg). HR max was calculated by the formula 205 ± 0.5 Â age. 20 Statistical analysis was performed by the SPSS statistical software package, version 8.0.0 (SPSS Inc., Chicago, IL, USA). The mean values (x Å) and standard deviations ( AE s.d.) were calculated. Group differences were analyzed using ANOVA and the Tukey post-hoc comparison. The w 2 test was used to determine the between-groups differences in physically active subjects. Logistic regression models were applied to analyze odds ratios (ORs) and their 95% con®-dence intervals (95% CI) for different weight-change pattern groups compared with the`constant weight' group. Age, physical activity and the current weight were used as confounding factors in the analysis. According to the criteria for hypertension published by the National High Blood Pressure Education Program Working Group, 21 the subjects with a systolic blood pressure ! 140 mmHg and a diastolic blood pressure ! 90 mmHg were diagnosed as hypertensive. The hyperlipidemia thresholds suggested by the European Atherosclerosis Society 22 were used. Statistical signi®cance was de®ned as P`0.05. Table 1 presents the mean body weight, BMI, WHR, body fat percentage, skinfold thickness values and physical working capacity of the subjects. The reported mean weight at age 20 did not differ between the four weight-change category groups. There were no signi®cant differences between the groups with regard to smoking habits (regular smokers and ex-smokers) and alcohol consumption. Among the study subjects, 63.3% were regularly physically active (we considered physically active those subjects who exercised three or more times per week with the duration ! 20 min per session and with moderate to vigorous intensity according to the American College of Sports Medicine recommendation for developing and maintaining cardiorespiratory ®tness, body composition, muscular strength and endurance). 23 There were 24 (77.4%), 23 (76.6%), 31 (59.6%) and 17 (45.9%) physically active subjects in`weight losers',`constant weight',`weight gainers 3 ± 10 kg', and`weight gainers b 10 kg', respectively. The chi-square test revealed statistical signi®cant differences between the`weight gainers b 10 kg' and`weight losers' group (t 6.98, n 68, P`0.05) as well as between`weight gainers b 10 kg' and`constant weight' group (t 6.50, n 67, P`0.05). Jogging and sport games were the most popular activities in all the physically active subjects. When former athletes were de®ned as`physically active' and sedentary', our data revealed that body weight gain was signi®cantly related to lack of regular physical activity Ð body weight gain was signi®cantly higher in those ex-athletes who remained physically passive after their sporting career was discontinued (10.2 kg) in comparison with those who stayed physically active (2.1 kg). Physical working capacity values were highest in the 'constant weight' group and lowest in both`weight gainers' groups (Table 1) .
Results
Two groups of weight gainers revealed statistically signi®-cant differences in all the measured skinfold thickness values, fat percentage, BMI and WHR in comparison with constant weight' group (Table 1) .`Weight losers' showed a relatively high prevalence (not statistically signi®cant) of men with abdominal fat distribution pattern (WHR ! 0.9) in comparison with`constant weight' Ð the respective values being 32.2% and 20.0%. Table 2 presents the blood pressure and serum biochemical parameters of the subjects. SBP was signi®cantly higher in those who gained over 10.0 kg in comparison with men whose weight was relatively constant. In both groups of weight gainers, DBP was signi®cantly higher in comparison with the group of`constant weight'. There were 1, 3, 6 and 13 moderately hypertensive subjects ( ! 140a90 mmHg) among`weight losers',`constant weight',`weight gainers 3 ± l0 kg' and`weight gainers b 10 kg', respectively.
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Alterations in serum lipids included signi®cantly higher levels of LDL-C and TG concentrations in the group of weight gainers b 10 kg' in comparison with the`constant weight' group. The data also showed a decreased HDL-C and HDL-CaCHOL ratio in both groups of`weight gainers' in comparison with the group whose weight remained stable. There was a statistically signi®cant difference only in HDL-C between the`weight losers' and`constant weight', showing lower values in`weight losers'.
We adjusted ORs for age, physical activity and the current weight for the prevalence of hypertension, abdominal fat distribution pattern (WHR ! 0.9) and hyperlipidemias ( Table 3) . Compared with`constant weight',`weight gainers b 10 kg' had higher ORs for hypertension, WHR ! 0.9, elevated LDL-C and hypertriglyceridemia.`Weight gainers 3 ± 10 kg' revealed signi®cantly higher risk for abdominal fat distribution pattern in comparison with`constant weight'. The group who lost weight showed a statistically signi®cant lower risk for hypertension, but higher risk for abdominal fat distribution pattern in comparison with the group whose weight had been relatively constant after discontinuation of their sports career.
Discussion
This study examined relationships between weight-change categories and CHD risk factors in male former athletes. The study revealed that weight gain (more than 10.0 kg) during the postcompetitive period was signi®cantly related to a higher cardiovascular risk pro®le: they had higher LDL-C and TG, as well as lower HDL-C and HDL-CaCHOL ratio values. Weight gain over 10.0 kg was also related to hypertension, obesity (fat% ! 20) and the abdominal fat distribution pattern.
There are only a few studies that deal with weight problems among former athletes. In a study of former elite middle-distance runners, the mean weight gain was 7.1 kg over $ 22 y after they stopped training. 24 Sarna et al 16 reported the highest weight gain in power sports athletes 28.5 AE 9.8 30.9 AE 5.6 27.1 AE 7.0* 22.5 AE 6.1*** *P`0.05; **P`0.01; ***P`0.001, values statistically signi®cantly different from`constant weight'. Table 3 Age-, physical activity-and weight-adjusted ORs and 95% CI for hypertension, abdominal fat distribution pattern and hyperlipidemias in different weight-change groups compared with the`constant weight' group Hypertension WHR ! 0.9 Weight gain in former athletes E Pihl and T Ju Èrima Èe (12.8 kg) and the least one in endurance athletes (8.6 kg) if compared to the weight reported at the age of 20. In our study only former endurance and sports games athletes were represented. There is some evidence that cardiovascular health is more strongly related to the current physical activity level, not with the previous participation in sports. 25, 26 The data of the present study showed that 63.3% of the ex-athletes considered themselves physically active, which was twice as high in comparison with the men of the same age group in Estonia (27 ± 30%). 27 However, our data are in a good agreement with the data of the study of former athletes in Finland. 16 Comparison of`physically active' and`sedentary' subjects revealed that physical activity acted as a powerful predictor of weight management Ð body weight gain was signi®cantly higher in those ex-athletes who were physically inactive after their sporting career was discontinued in comparison with those who remained physically active. In this respect our data support several intervention studies. 28, 29 Our data also are in accordance with Marti et al, 30 where a subgroup of nine former top-level runners, who had strongly reduced their physical activity, showed the largest increase in BMI, subcutaneous fat and WHR in comparison with those who remained active. Due to methodological shortcomings we have no baseline body composition data, but weight gain in former athletes during the postcompetitive period is probably related to the increase in fat mass. 11 The results of our study con®rm that the prevention of weight gain depends on continued physical activity rather than on the genetic predisposition. 24 The body fat percentage in middle-aged and older athletes is higher than in young athletes, although markedly less than in age-matched sedentary controls, showing that body fat increased by $ 2% over 10 y even in those athletes who remained highly competitive. 5 Our study suggests that most former athletes (59.3%) tend to gain weight during 15 ± 30 y after their sports career is discontinued (Table 1) . Unfortunately, our cross-sectional body composition data cannot show real changes in these variables.
Smoking is considered the confounding factor for the evaluation of the relationships between weight gain and the cardiovascular disease risk pro®le. In our study, smoking had no signi®cant effect on these risk factors. It may be explained by the fact that in our study the prevalence of smoking (18.0%) and the number of subjects who changed their smoking habits was also relatively low.
Some authors have shown an increased risk of cardiovascular disease with centrally located body fat. 9, 10, 31 In our study, after adjustment of confounders, all three groups (`weight losers',`weight gainers 3 ± 10 kg' and`weight gainers b 10 kg) had signi®cantly higher ORs for the abdominal fat distribution pattern in comparison with`constant weight' ( Table 3) .
The results of intervention studies suggest that a decreasing weight should be associated with a lowered risk of cardiovascular diseases because weight loss has bene®cial effects on serum lipids. 8, 32 The present study revealed signi®cantly higher concentration of LDL-C and TG as well as signi®cantly lower HDL-C and HDL-CaCHOL ratio in those men who gained over 10.0 kg in comparison with`constant weight'. No differences were found between the`weight losers' and`constant weight' (except in HDL-C). Our previous study of former top-level athletes suggested that a favourable lipoprotein pro®le was found in those subjects who continued a physically active life-style. 26 On the other hand, some authors have provided evidence that a favourable lipid pro®le is related to high physical ®tness levels. 33, 34 The present study showed statistically signi®cant betweengroup differences in PWC max akg, but after adjusting for age, smoking, BMI and physical activity levels, our data suggest that there was no association between physical ®tness and the lipoprotein pro®le (data not presented).
Overweight and even modest weight gain increase the risk of hypertension. 35 In the Framingham Study, risk of hypertension was related to weight change after 25 y of age. 36 Our data provide evidence that long-term weight gain over 10.0 kg increase the risk of hypertension (Table 3) . At the same time,`weight losers' had a signi®cantly lower risk of hypertension (OR 0.26; 95% CI 0.08 ± 0.78) than`constant weight'. Logistic regression analysis revealed that the current body weight was a powerful predictor of hypertension, and after adjustment for confounders, the associations between weight-change patterns and hypertension remained statistically signi®cant.
The group who lost weight during the post-competitive period had no substantial advantages in the lipoprotein pro®le in comparison with the`constant weight' group (Table 1 and Table 3 ). As the body composition variables were similar to the group whose weight was relatively constant, weight loss was probably associated with a decreasing in lean body mass.
The group of former athletes who gained less than 10.0 kg during the postcompetitive period had only a few adverse cardiovascular risk factors in comparison with those who maintained their body weight. A small effect of weight gain on the lipoprotein pro®le and blood pressure in this group can be explained by a relatively low prevalence of subjects whose body fat exceeded 20% (17.3%), which was close to the analogous indices of`constant weight' (16.7%) (data not presented).
In conclusion, our data showed that weight gain during postcompetitive period was associated with a higher prevalence of cardiovascular disease risk factors in male former athletes.
